10 times the average current density, the energy deposition rate at the end of the range of an 800 MeV proton beam of 17 mA will be 5.9 x lo6 J/g-s.
Introduction
The operational requirements1 demand that beam spill and beam-spill produced radiation at the Los Alamos Meson Physics Facility (LAMPF) be limited so that (1) the radiation levels in the equipment aisle, with full accelerator beam current, are low enough that personnel access is unrestricted, (2) the residual radiation level in the beam channel is sufficiently low a reasonable time after beam turnoff that personnel access time is adequate for maintenance, and (3) the accelerating structure will not be harmed.
Detailed shielding calculations performed at LASL indicate that the above criteria will allow a beam spill of 0.002 PA/m of 800 MeV protons in the accelerator structure. Accordingly, this value has been tentatively aldapted as the allowable average beam spill at the high energy end of the accelerator. Larger value5 can be allowed at lower energies, rising to 0.25 PA/m at 100 MeV. The corresponding peak radiation level at the 800 MeV detector location will be 1500 r/h. Machine protection will impose a lower particleenergy dependent limit whose value is not known. However, a crud{? estimate of the allowable time can be determined b:r calculating the time required to deposit energy in thl! copper structure equivalent to the heat of fusion for copper.
Assuming a beam diameter of 1 cm and a current: density at the center of the beam to be At the time the beam is turned off, the 6 iis of beam that is in the machine will continue to propagate.
Therefore, propagation times may use as much as 14 us, leaving 6 ps for the beam-spill monitor system,
Beam-Spill Detector
The ratio of dose-rate/beam-spill varies by 1OOO:l over the length of the accelerator, This suggests the use of a detector whose sensitivity can be varied to match this range.
Such a detector would offer the further advantage that identical electronics could then be employed with each detector station. Since nearly fifty of these detectors will be required, low c~ost per unit and low mnintennnce i'osts <at-e important considerations.
A liquid scintillator-multiplier phototube combination has been selected which has a response time of about 10e6s, a sensitivity which can be varied from lo-lOA/r/h to lo-5 A/r/h (a sensitivity range of lo'!), low cost per detector, and a life-expectancy in the LAMPF radiation environment of 1 to 10 years (depending on location along the accelerator). The replacement cost is expected to be about $lOOO/year for the entire accelerator.
As shown in Fig. 1, the container for the scintillator and phototube is a l-pint paint can3 with the phototube and connector mounted on the lid of the can. Operation will be with the can inverted, so that the resistance divider string is cooled by the scintillator fluid.
The scintillator employed is N-235 manufactured by Nuclear Enterprises.
The 4552 multiplier-phototube selected is the new all-glass 931A type with a bialkali photocathode developed by RCA for the new CBS video recorder.
Being all glass, an earlier problem of the base and base cement contaminating the scintillator fluid is eliminated.
The detector assembly contains no electronics other than the phototube.
Beam-Spill Electronics
A block diagram of the electronics is shown in Fig. 2 . The input stage is a fast operational electrometer 4 arranged to be nonlinear, so as to cover a useful dynamic range of over 2OOO:l with a high S/N ratio.
The low signal sensitivity is O,lV/pA and the high signal sensitivity is 0.007 V/PA. A threshold a25 © 1971 IEEE. Personal use of this material is permitted. However, permission to reprint/republish this material for advertising or promotional purposes or for creating new collective works for resale or redistribution to servers or lists, or to reuse any copyrighted component of this work in other works must be obtained from the IEEE.
value of .'j V set by a comparator following the electrometer is [reached in less than 1 US when fed over 300 ft of RG-22 cable from a constant current source such as the 4552 phototube.
After the input stage, the signal is branched to three paths,
The first goes to the Fast Protect System if the signal exceeds the threshold value of the comparator stage.
A flip-flop provides a resettable latch which drives a pair of Iso-Switches.*
The output terminals of the &so-Switch are normally closed, When the beam-spill threshold is exceeded, the Iso-Switch contacts are opened, actuating the Fast Protect System. An auxiliary pair of contacts is provided by an extra Iso-Switch to provide binary information to the computer as to the source of the fast shutdown signal.
It is anticipated that when abnormal beam spill occurs, it will be distributed downstream by transverse oscillations set up by the cause of the spill.
Therefore, a measure of the magnitude of beam spill at each detector may provide clues as to the location of the cause.
To serve this need, a peak detector has been included.
Following a fast shutdown, the latch and peak detector are reset before the time of the next pulse.
A decision regarding the admission of the next pulse will be made by the Central Control computer.
During accelerator tune-up, a measure of beamspill radiation at each detector will be useful. Tuneup will be done at a level below the useful range of the peak-detector, therefore, the envelope amplifier is included for this purpose.
The total action time of the beam-spill monitor system has been measured at the Electron Prototype Acceleratcr at LASL to be less than 2 ns. 
